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ABSTRACT
The Ria Arosa is a coastal zone located in the north-western region of Galicia-Spain. An information
system was developed as a decision support tool for environment management and protection of that
coastal zone. Geographical Information System (GIS) in an integrated database-model system has
greatly increased the overall performance of the decision support tool.
The tool developed for environmental assessment has the following elements: simulation models for
detailed analysis of the hydrodynamics and water quality status of the Ria Arosa and a GIS for linking
model input and output data to geographical entities, and for the visualisation and analysis of data and
simulations results. This work deals with the general framework used to organise the large amount of
data resulting from the continuous monitoring program and from models output.
KEYWORDS
Environmental impact assessment, geographical information system, hydrodynamics, water quality,
Ria Arosa.
INTRODUCTION
Study area
The Rias Bajas are oceanic bays located on the north-western coast of Galicia-Spain (Fig. 1). These
coastal zones, support high shellfish production by intensive raft culture of the edible mussel Mytilus
edulis due to intermittent upwelling of nutrient-rich deep waters phenomena. Ria Arosa, the largest of
those rias, has a surface area of 230 km2 and is 25 km long approximately. It is 67 m deep at the mouth
and averages of 19 m depth. Mean tidal range is 2.7 m. Two rivers, Ulla and Umia, have discharge
flows into the Ria de Arosa of about 70 to 120 m3/s in the winter and 5 to 75 m3/s in the summer.
Seasonal variations in salinity and temperature are negligible. Annual surface-water temperature
ranges from 10 to 20 °C and bottom temperature has small variability (11 to 13 °C). Surface salinity
ranges from 3.0 to 3.5 ‰, and bottom salinity remains constant at 35.6 ‰. The water column is
stratified in summer and mixed or weakly stratified at other periods of the year (Gomez-Gallego, 1971
and 1975).
Hydroinformatic environment
The Ria Arosa hydrodynamic and water quality models were implemented using RMA2 and RMA4
(US WES-HL, 1996) programs. Pre and post-processing work were carried out using several
informatic tools, namely SMS (BOSS SMS, 1996), database management program Microsoft Access,
and ArcView GIS (ESRI, 1996). For water quality modelling purposes, modifications in RMA4 were
developed in order to simulate a larger number of water quality state variables and various water
quality processes that can be specified by the user.
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Figure 1 - Location, general layout of the Ria Arosa, and sampling points location (A0 to A9).
Databases
Data acquisition for water quality was based in an intensive monitoring program with weekly water
sampling in several locations in the Ria Arosa. The information used in the present work was obtained
from 1992 to 1997 for ten sampling points (A0 to A9), as depicted in Fig. 1 (CCCMM, 1997), and
includes measurements of temperature, oxygen, fluorescence, salinity, pH, % of light penetration,
nutrients, chlorophyl a, b and c, phytoplankton species, wind and rainfall. Coastlines and bathymetry
were integrated in GIS environment through common digitalizing techniques from maps (scales
1:30000 and 1:25000). Oceanographic and climatologically data were imported from other technical
and scientific publications (Otto, 1975; Gomez-Gallego, 1971 and 1975), and databases.
Linking methodology
The general procedure to link data (simulation results and field data) with graphical entities includes
three main stages. In the first stage data was organised in Microsoft Access databases. For the second
stage several tools were developed in order to interpolate data and to produce point-to-area and area-
to-point conversions depending on the requirements at hand. At the last stage, links are generated
between the graphical entities and the external databases.
RESULTS
The aquaculture technique originates a very high production of fine organic sediments that settle on
the ria bottom. Current characterization at different locations of the system is of great interest for the
study of scour conditions of deposited sediments. Plans for efficient minimization of accidental
pollutant spills must anticipate extensions in time and in space of those discharges (Vieira et al.,
1998). Several hydrodynamic scenarios were simulated for different tidal conditions, wind intensity
and direction, and surface flow regime of river Ulla. Fig. 2-a) presents the results obtained in one of
the established scenarios for the velocities field in an instant of maximum velocity during a spring
falling tide. The map of Fig. 2-b) represents the spatial variation of the velocity module for the same
conditions and was created within the GIS environment.
Figure 2 - Maximum velocity (a)) and maximum velocity module (b)) for a spring falling tide
Fig. 3 and 4 show the results of a simulated accidental non-conservative pollutant spill situation. The
substance behaviour was considered to be a first order decay kinetics with a rate of 0.05 d -1. After 48
hours, the pollutant concentration is less than 2.2 mg/L at every location in the ria (Fig. 3 e)).
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Figure 3 – Variation of pollutant concentration for spring tide conditions, after an accidental spill:
a) 1 h; b) 6 h; c) 12 h; d) 24 h; e) 48 h; f) 96 h.
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Fig. 4 presents a map where pollutant concentration is represented inside the platforms polygons 24
hours after of the accidental spill.
Concentration [mg/L]
Figure 4 - Pollutant concentration inside aquaculture platform polygons 24 h after the spill.
CONCLUSION
GIS is a very attractive tool for presentation and analysis of coastal zones hydrodynamic and water
quality mathematical models results and field data. Spatial discretisation of the model domain (finite
elements or finite differences meshes) can be successfully used as graphical entities in a GIS to map
model results.
Mathematical modelling integrated in a GIS environment appears to be a very useful tool for
environmental management in coastal zones either for continuous evolution situations analysis or
accidental ecosystem rupture.
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